Pressure natriuresis may be mediated through increases in inner medullary vasa recta blood flow (QvR). By means of acute renal decapsulation to prevent increases in renal interstitial hydrostatic pressure (RIHP), the effect of increases in QVR in the presence and absence of changes in RIHP in the natriuretic and diuretic responses to increases in renal perfusion pressure (RPP) was evaluated. Blood flow in descending (QDVR) and ascending (QAVR) vasa recta was determined in the exposed papilla by fluorescence videomicroscopy in anesthetized euvolemic Munich Wistar rats. In rats with intact renal capsules (n = 12), increases in RPP from 101±0.5 to 132+2.9 mm Hg caused significant increases in QDVR (from 4.7±0.9 to 5.5±0.9 nl/min, p<0.001) and QAVR (from 2.8+0. 
A cute increases in renal perfusion pressure (RPP) have been shown to cause natriuresis and diuresis in the absence of detectable changes in total renal blood flow, glomerular filtration rate, or cortical peritubular capillary hydrostatic pressure.' ' Although this effect of RPP is well recognized and plays an integral role in the regulation of extracellular fluid volume and arterial pressure,4 its mechanism(s) remains controversial. Changes in medullary blood flow in the setting of well-autoregulated cortical and total renal blood flows have been proposed to play an important role in the pressure natriuresis phenomenon.5-7 Selkurt et a17 suggested that increases in medullary blood flow caused by elevations in RPP "wash out" the corticomedullary solute gradient and, in so doing, inhibit sodium reabsorption from the loop of Henle. Alternatively, it has been proposed that increases in medullary blood flow caused by elevations in RPP are transmitted into the renal medullary interstitium.56 The consequent rise in medullary renal interstitial hydrostatic pressure (RIHP) is distributed throughout the whole kidney8 and inhibits net sodium reabsorption in both superficial and deep nephrons, resulting in a natriuresis. 9 Thus, a direct causal link may exist between increases in RPP, medullary blood flow, RIHP, and urinary sodium excretion (UNaV). In support of this hypothesis, Roman et al10 have shown that elevations in renal papillary blood flow produced by increased RPP were associated with parallel increases in vasa recta capillary pressure, RIHP, and UNaV.
There are, however, several considerations regarding the role of the medullary microcirculation during pressure natriuresis. Contrary to findings by Roman et Experimental Groups Five groups of animals were studied. They are described below.
Intact renal capsule group (n=12). In this group, the effect of increasing RPP on QVR, RIHP, and renal excretory function was examined in rats with encapsulated kidneys. At the end of surgery, RPP was set at 100 mm Hg. Rats were then allowed 1 hour to recover after completion of the surgical procedure. A clearance period (30 minutes) from the right kidney was started, during which mean arterial pressure, RPP, and RIHP were measured with pressure transducers and recorded at 5-minute intervals. Midway through the clearance period, 140 ,ul blood was withdrawn for p-aminohippuric acid and inulin measurements. QVR was recorded for 2 minutes in each of two areas on the papilla. After the first clearance period, RPP was set at a higher level by releasing the aortic clamp. Thirty minutes later, a second clearance and videomicroscopy recording were performed. The reported RPP and RIHP are the averages of the recordings throughout each clearance period.
Decapsulation group (n=12). In this group, the effect of increasing RPP on QVR, RIHP, and renal excretory function was examined in rats in which acute bilateral renal decapsulation was carefully performed. Otherwise, the surgery and protocol were identical to the procedure in the intact capsule group.
Time control decapsulated group (n= 7). The protocol, including surgery, clearance periods, and the video recordings, was identical in design to the protocol in the decapsulated group except that RPP was set at 100 (Newvicon 70-C, Dage-MTI, Inc., Michigan City, Ind.), mm Hg throughout the experiment. Ureteral excision group (n=4). Because RIHP was measured in the left kidney, in which the ureter was excised to permit visualization of papillary vasa recta, it was possible that the ureteral excision itself changed RIHP. Therefore, the effect of exposing the papilla by ureteral excision on RIHP was determined in this group. After equilibration from surgery, RIHP in the encapsulated left kidney was measured for 20 minutes before and after ureteral excision. This experiment was performed both at low RPP (100 mm Hg) and high RPP (140 mm Hg).
Bilateral renal response group (n=6). Because measurement of QVR necessitated exposure of the left papilla, it was possible that the response was different in the left kidney compared with the right kidney with an intact ureter. Rats in this group were studied to assess whether the renal response of the right kidney to an increase in RPP occurred similarly in the left kidney. The protocol was similar to that in the first three groups, except QVR was not measured. Instead, urine was collected directly from the exposed papilla of the left kidney over a 5-10-minute period with a smooth-tipped 100-gl glass capillary tube that was gently slipped over the tip of the papilla as previously described. ' Figure 1 . Descending vasa In the ureteral excision group, RIHP was not different before (6.7+2.7 mm Hg) and after (6.9±2.9 mm Hg) ureteral excision. The lack of effect of ureteral excision on RIHP was observed in all rats studied and was independent of the prevailing RPP.
In the last group (bilateral renal response group), urine flow and UNaV responses were not significantly different in the right (ureteral catheter) and left (exposed papilla) kidneys. At an RPP of 100 mm Hg, urine flow and UNaV were similar in both kidneys (urine flow, 6 .3±2.7 ,ul/min on the right versus 10.3±5.7 ,ll/min on the left; UNaV, 1.09±0.59 ,ueq/min on the right versus 0.53±0. 26 ,ueq/min on the left). After RPP was allowed to increase to 133 ±2.0 mm Hg, urine flow increased to 8.8±3.3 and 13.1±5.5 ,l/min in the right and left kidneys, respectively. Similarly, UNaV increased to 1.47±0.76 and 1.68±0.98 ,ueq/min in the right and left kidneys, respectively. The results of the present study demonstrate that an elevation in RPP causes a significant increase in QVR, both in the presence and absence of a rise in RIHP. By dissociating the increase in QVR from the increase in RIHP and UNaV by means of acute renal decapsulation, the present study also indicates that for an increase in QV to play a role in pressure natriuresis it must do so in association with an increase in RIHP.
Implicit to the hypothesis that changes in inner medullary blood flow are linked causally to the pressure natriuretic response is a lack of efficient autoregulation in this microcirculatory region. Conflicting data, however, exist in the literature regarding the autoregulation of medullary blood flow. Studies have reported evidence both forll"12,21 and against10.22 efficient medullary autoregulation. Using the videomicroscopic technique, Cohen et al"l reported that VRBC of medullary vasa recta was unaltered over the pressure range of 85-125 mm Hg, although it increased significantly at higher pressures. On the other hand, using both laser Doppler and videomicroscopy techniques, Roman et al10 showed that papillary blood flow in volume-expanded hormonally clamped rats varied directly with RPP over a wide range of pressures. It was also observed in the latter study that vasa recta capillary pressures rose in parallel with RPP. This is in close agreement with the present study, in which consistent and significant increases in Removal of the renal capsule dissociated changes in QV from RIHP and UNaV; i.e., acute renal decapsulation allowed QVR to increase with increases in RPP but prevented both RIHP and UNaV from increasing. This indicates that the natriuretic response associated with increases in QVR occurs only in the presence of a concomitant rise in RIHP. In the absence of changes in RIHP, an increase in QVR in and of itself is therefore unlikely to be the major mechanism underlying pressure natriuresis. Our studies, in which QVR increased in the decapsulated group but was not associated with an increase in UNaV, suggest that changes in QVR do not significantly alter UNaV.
It is also possible that increases in QVR associated with a rise in RPP occur secondary to the rise in urine flow in the collecting tubule.18,26 An increase in tubular fluid flow reaching the papillary collecting ducts during water diuresis has been shown to increase absolute net water flux into the papilla compared with the antidiuretic state.27 Because there are no lymphatics in the papilla, all reabsorbed fluid must be removed by the vasa recta to maintain mass balance, thereby elevating blood flow in the inner medulla. This explanation, however, is not supported by the finding in the decapsulated group of rats, in which a rise in QVR developed despite no change in urine flow. Similarly, the rise in QVR cannot be due to changes in RIHP, since QVR increased without a change in RIHP in this same group of animals. It is likely, therefore, that increases in RPP directly increase QV.
This study is concerned with the principal intrarenal hemodynamic factors postulated to play a role in the pressure natriuresis response, i.e., QVR and RIHP. Hormonal, autocrine, and paracrine factors likely impact on these two factors, thereby modulating the pressure natriuretic response.56 For example, intrarenal angiotensin II, prostaglandins, endothelium-derived relaxing factor, and endothelin may alter the tone in juxtamedullary efferent arterioles or vasa recta to change QVR and pressure. Prostaglandins may also alter the effect of increases in RIHP to diminish sodium reabsorption. 28 The present study supports the thesis that RIHP plays a central role in regulating UNaV during elevations in RPP. 15 It confirms that renal decapsulation prevents the increase in RIHP and blunts the associated natriureSiS. 8, 14 Further, it indicates that the blunting effect of renal decapsulation on RIHP is not due to a lack of increases in QVR when RPP is raised. A more likely explanation is that renal decapsulation alters the functional compliance characteristics of the renal interstitium in such a way as to prevent increases in vasa recta hydrostatic pressure from contributing, directly or indirectly, to the rise in RIHP normally evident in pressure natriuresis. The mechanism whereby increases in RIHP reduce the net tubular reabsorption of sodium and water remains to be established. One theory proposes an effect of interstitial pressure to enhance the rate of passive paracellular back leak of ions across the proximal tubular epithelium.9 Another possibility is that increases in interstitial pressure may cause the release of prostaglandins or other paracrine substances from renal interstitial cells, which would in turn act directly or indirectly on renal tubular epithelial cells to alter transport of solute and water. In this regard, Pawlowska et a128 have shown that prostaglandin blockade blunts the natriuresis associated with direct increases in RIHP.
In summary, pressure natriuresis in the rat was associated with increases in both QR and RIHP. Acute renal decapsulation abolished the increase in RIHP and pressure natriuresis and diuresis but did not affect the increase in QVR. It is concluded that an elevation in RPP increases QVR, which results in natriuresis only in association with an increase in RIHP.
